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Background (1)
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Background (2)

 BFO also used in the biomedical field and
increasingly in other domains

e Existing mappings of WN to upper-level ontologies
— WN-DOLCE (Gangemi et al., 2010)
— WN-KYOTO (Laparra et al., 2012)
— WN-SUMO (Niles and Pease, 2003; Pease and Fellbaum, 2010)

 No lexico-semantic resource available for the Basic
Formal Ontology (BFO)

-> Create a BFO-compliant lexical resource

GWC2016 | January 30,2016 | Selja Seppéld, Amanda Hicks & Alan Ruttenberg



BFO 2.0

* A domain-neutral formal upper-level ontology (Smith
et al., 2012)

* Represents the types of things that exist in the world
and relations between them

e Serves as an integration hub for mid-level and
domain-specific ontologies, which thus become
interoperable (Smith and Ceusters, 2010)

* Previous versions (BFO 1.0 and BFO 1.1) have been
mapped to BFO 2.0 (Seppéld et al., 2014)
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Goal & hypotheses

* Semi-automatically mapping WordNet 3.0
to BFO 2.0

* Alarge portion of WN synsets, especially
nouns and verbs, can be semi-automatically
mapped to BFO

* Exploiting existing mapping between WN and
the KYOTO ontology



The KYOTO ontology

* Forrepresenting domain-specificterms in a
computer-tractable axiomatized formalism to allow

machines to reason over texts in natural language
(Vossenetal., 2010)

* Links WordNets of different languages to ontology
classes via a mapping of the English WordNet to

KYOTO
* Subdividedinto three layers
* |Includes DOLCE (an upper-level ontology similar to BFO)
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KYOTO ontology’s three layers

KYOTO 3 Middle

Layer 1:

KYOTO 3 Top Ontology
Includes the Descriptive
Ontology for Linguistic and
Cognitive Engineering
(DOLCE-Lite-Plus, version 3.9.7)

Layer 2:

KYOTO 3 Middle Ontology
Noun and verb synsets
constituting a set of Base
Concepts (BCs)

Layer 3

WordNet

WN synsets containing
domain-specific classes
(e.g. from the
environmental domain)



Relevant ontological characteristics

e DOLCE and BFO share relevant characteristics

 Domain neutrality
 Strict hierarchical is_a taxonomy

e Bi-partition into CONTINUANTS (DOLCE ‘endurants’)
and OCCURRENTS (DOLCE ‘perdurants’)

e Distinction between independent and dependent

entities

* Can be loosely mapped exploiting previous mappings



Method overview
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(M) Mappings from DOLCE to BFO 2.0
(@ Ruleset mapping KYOTO types to BFO based on (2)

(3 Getsynsets, their base conceptsand KYOTO types,
and apply rules to map WordNet to BFO
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Implementation
immunity.n.02

Input

‘Kyoto#condition status-eng-
3.0-13920835-n",

‘Kyoto#state-eng-3.0-
00024720-n",
‘ExtendedDnS.owl#situation’,
‘ExtendedDnS.owl#non-
agentive-social-object’,
‘ExtendedDnS.owl#social-
object’,
‘DOLCE-Lite.owl#non-physical-
object’,
‘DOLCE-Lite.owl#non-physical-
endurant’,
‘DOLCE-Lite.owl#endurant’,

‘DOLCE-Lite.owl#spatio-
temporal-particular’,

‘DOLCE-Lite.owl#particular’

Program tests if string in rules
matches element in list

4

4

4

#non-agentive-social-
object > disposition’
accomplishment >
process’

noun.act > process’

(

L

Output

immunity.n.02 >
DISPOSITION

]




Evaluation

Synset datasets
— ‘medicine sample’: 106 nouns & verbs marked ‘medicine’
— ‘POS-sample’: 100 nouns & 100 verbs extracted randomly

Rulesets

— 1%t ruleset
* Created using DOLCE/KYOTO/WN lexname mappings to BFO
e Tested on ‘medicine sample’

— 2" ruleset

* Tuned on ‘medicine sample’

e Tested on ‘POS-sample’



Goldstandard

* Manually created by BFO experts

* Intuitive categorization criterion

Assign the most specific BFO type of which the
referent of the synset is a subtype.

 Example

‘the synset immunity.n.02 referstoa
subtype of the BFO type DISPOSITION’
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Baseline

* WN nouns
— noun.tops manually mapped to BFO 2.0

— Propagating mappings downwards to WN synsets
* WN verbs

— Automatically mapped to BFO 2.0 PROCESS
* Limitation

— Not always mappable to lower-level BFO
categories



Results: Correct mappings

* /1in ‘medicine sample’,

% of medicine n-v sample
WN-BFO baseline first ruleset new ruleset but 2" ruleset tuned on it
MAppInes n v total n v total n v | total | \lin ’POS—sampIe’ due to
correct 55 100 76 70 85 77 72 100 85 .
. . . . . I incorrect and non-
partial 17 0 9 0 12 6 0 0 0 )
incorrect 2 o 15|28 2 16 |26 o 14| ™Mappingverbs
no mapping 0 0 0 2 0 1 2 0 1 | *BUT A using baseline rule
total 100 100 100 100 100 100 | 100 100 = 100 | . Slight A for NOUNs
Prospective performance
% of pos sample
WN'B_FO baseline new ruleset VVN-B.FO
mappings . v T total | = v | total mappings n v total | %
correct a1 | 99 | 70 | 42 8 64 I corTect 42 | 9 | 141 | 705
partial 25 | 0 | 125] 0 0 0 partial 0 0 0 0
incorrect 34 I 175 | 53 7 | 30 incorrect 33 I 4 | 27
no mapping 0 0 0 5 7 6 no match 5 0 5 2.5
total 100 100 100 100 100 100 total 100 100 200 100
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Results: Incorrect mappings

% of medicine n-v sample ¢ S“ght N in ‘medicine
WN-BFO baseline first ruleset new ruleset sample’ (n: N; v: A)
mappings total n v total n v total s ’

- | Y | oM *=in ‘POS-sample
correct 55 100 76 70 85 77 72 100 85

. . . : (n:\; v: A)
partial 17 0 9 0 12 6 0 0 0
incorrect 22 0 15 | 226 2 16 | 26 o 14| *BUT XN using baseline rule
no mapping | 0 L L Z L : £ v : * No more partial mappings
total 100 100 100 100 100 100 100 | 100 100
PfOSpECtiVE performance

% of pos sample
WN'B_FO baseline new ruleset WN 'B.FO : o
mappings n N total " N total mappings n v tota o
correct a1 | 99 | 70 | 42 8 64 corTect a2 | 59 | 14l | 705
partial 25 0 0 125]| 0 0 0 partial 0 0 0 0
incorrect 34 I 175 | 53 30 incorrect 33 4 | 27
no mapping 0 0 0 5 7 6 no match 5 0 5 2.5
total 100 100 100 100 100 100 total 100 100 200 100
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Results: No mappings

% of medicine n-v sample * None in baseline BUT 16%
WN-BFO baseline first ruleset new ruleset of nouns mapped to ENTITY
MAppInes n v total n v total n v | total | Ain ’POS—sampIe' mostly
correct 55 100 76 | 70 8 | 77 | 72 100 85
due to verbs

partial 7o 9| 0o 12 6|0 0 o0
incorrect 22 0 15 | 28 2 16 | 26 o | 14 | * BUT N using baseline rule
no mapping 0 0 0 2 0 1 2 0 | 1
total 100 100 | 100 | 100 | 100 | 100 | 100 & 100 | 100

Prospective performance
% of pos sample
WN'B_FO baseline new ruleset WN'B.FO
mappings . . “otal . , total mappings n v total %
correct a1 99 70 | 42 8 64 forrect 42 | 99 | 141 | 705
partial 25 0 125 0 0 0 partial 0 0 0 0
incorrect 34 1 175 | 53 7 30 incorrect 53 1 54 27
no mapping 0 0 0 5 7 6 no match 5 0 5 2.5
total 100 100 100 | 100 & 100 | 100 total 100 | 100 | 200 | 100
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General observations

 \erbs better covered than nouns

— Nouns refer to a wider array of BFO categories

* Verbs best covered by baseline rule
— Most verbs refer to subtypes of BFO PROCESS

* Nouns best covered by rulesets

— Rules allow mappings to lowest BFO categories



Ontological challenges

* Ontological distinctions not captured in WN
— Rigid vs. non-rigid properties
— WN: ‘carrier.n.09’ = BFO: OBJECT or ROLE?
=> Rule where WN: ‘noun.person’ = BFO:ROLE
* Hierarchichal discrepancies (hyponymy vs. ‘is_a’)
— WN not ontologically precise

— WN: ’symptom.n.01” & ‘sign.n.06" hyponyms of
‘cognition.n.01’

=> Use semi-automatic method to ontologically
evaluate WN’s hierarchy (e.g., Rudify)

=> Refine mapping rules iteratively
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Challenges: One-to-many mappings

* From DOLCE types
— DOLCE: ‘feature’ = BFO: SITE or FIAT OBJECT PART?
=> Further disambiguation step required

* From WN synsets
— Systematic polysemy

— WN: ‘carpet_beetle.n.01’ = BFO: OBJECT or OBJECT
AGGREGATE?

=> Further investigation needed
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Challenges: Non-mapping cases

* From DOLCE types
— DOLCE: ‘abstract” = no BFO type

=> Test new rules that might work for some cases

* From WN synsets

— Non-existent entity types
— WN: ‘mythical_creature.n.01’ = no BFO type
=> Problem for automation
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Future work

Examining results further

Testing, extending & refining mapping rules

— Mapping KYOTO BCs to BFO and propagating downwards

— Creating new mappingrules using
* WN-SUMO mappings

* Ontologies extending BFO

Processing systematic polysemy

Processing adjectives in terms of BFO types



Conclusion

A method to semi-automatically map WordNet 3.0
synsets to BFO 2.0 types via the KYOTO ontology

- |dentifying challenges
- Gettinga sense of performance

Encouraging preliminary results

More work needed to see if method scales to the full
WordNet

- Reduces manual work

Challenge: Providing BFO-compliant interpretations of
unmatched WN synsets



seljamar@buffalo.edu
aehicks@ufl.edu

alanruttenberg@gmail.com

THANK YOU
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